156                      The Plant Kingdom
is cut across, it will be found, after sufficient time has elapsed, that
the colored solution is inside the vessels. Water enters the outer
cells of the roots, passes through the cortex into the stele, and
enters the vessels. It then passes through the vessels of the root
to those of the stem, and through these to the leaves, flowers, and
fruits. The loss of water by transpiration from the chlorenchyma
cells tends to increase the concentration of the contents of these
cells. By osmosis and hydration of colloids the chlorenchyma cells
draw water from the vessels, and so replace that which is lost
through transpiration.
The mechanism by which the water moves up the vessels is in dispute,
In the case of plants which reach great heights, in some cases one hundred
meters or more, the source or application of energy to lift the water is one
of the great puzzles to plant physiologists.
The ultimate source of energy may be sought in the radiant energy
from the sun which is absorbed by the leaves and used to evaporate the
water lost in transpiration. The energy used in evaporating the water is
a great deal more than that called for to lift the water to the tops of the
tallest trees. There is therefore no real puzzle as to the source of energy.
The water is evaporated from the cells of the chlorenchyma into the inter-
cellular spaces of the leaf. The chlorenchyma cells replace the water as
it is evaporated by withdrawing water from the xylem of the veins and
veinlets of the leaf. The energy to withdraw the water from the veins
and veinlets is provided by the osmotic pressure existent in the chloren-
chyma cells and increased by the evaporation of water in transpiration.
As a matter of fact the pressures in these cells are in excess of that re-
quired to explain the height to which the water is lifted. The more signifi-
cant and applicable fact is that the osmotic tensions are many times
sufficient to withdraw water against any tension under which it is demon-
strably present in the veins and veinlets.
It will suffice here to mention briefly theories which have been pro-
posed to account for the rise of water in tall trees.
Root pressure. When plants are not actively transpiring and the stem
is cut off near the root, water may exude from the cut stump. This water
is forced out by turgor pressure in the root. However, when plants are
transpiring actively there is no such exudation of water and, in fact, if
water is placed on the cut stump of the tree it will enter the veasels.
Root pressure may influence the upward movement of materials in a
leafless stem in spring in temperate countries. Root pressure cannot, how-
ever, be invoked as an explanation of the movement of the transpiration
stream, as it is not operative in the stem when transpiration is most active.